Abstract -The structure of mixed amide solvents used for the preparation of polyimide Langmuir-Blodgett films and the structural organization of water, on which nanofilms are formed, have been studied by polarized light scattering. Fluctuation supramolecular structures are found to exist in water and in its mixtures with amide solvents, and the dimensions of the structures are comparable with the light wavelength. When a mixture contains more than 20 vol % water, associates show microanisotropic properties. In snowmelt water, the dimensions of associates are larger than those in distilled water. In the DMAA-water mixture, the dimensions of supramolecular structures are virtually independent of composition.
INTRODUCTION
The study of multicomponent polymer systems, including dilute polymer solutions, poses a problem concerning the structural organization of water. For example, in some cases, mixtures of low-molecularmass liquids taken in various proportions are used as solvents for the preparation of polymer nanofilms by the Langmuir-Blodgett method [1] . To adequately estimate the effect of solvent on the characteristics of isolated macromolecules, the structure of solution, and finally, the properties of the resultant material, it is necessary to characterize the structural organization of mixed solutions via various physical methods and theoretical calculations.
Theoretical methods based on model concepts [2] are often applied for equilibrium systems with spherical and symmetric interaction potentials. However, the description of various liquids, which are interacting (associated) systems, in terms of this approach, requires the development and calculation of the appropriate model for each particular case [3] .
Experimental methods revealed the development of a supramolecular structure in the mixtures of liquids with a three-dimensional network of hydrogen bonds, and this event is provided by intermolecular interaction between components. By means of measuring changes in inner pressure and its temperature coefficient [4] , as well as changes in the isothermic compressibility and the thermal coefficient of volume expansion [5] , the evolution of structural organization in various binary mixtures of nonelectrolytes with water was studied as a function of the ratio between components. The limiting composition of a mixture, at which the three-dimensional network of hydrogen bonds in water does not experience any dramatic changes, was estimated, and the composition corresponding to formation of a stable water-nonelectrolyte associate was found [5] . For various solvent-nonelectrolyte mixtures with water, the composition dependence of the refractive index assumes an extremum pattern. This trend is related to the active breakdown of water associates at a certain concentration of the second component [6] . The data concerning the temperature dependences of viscosity and density of binary solutions of nonelectrolytes [7] reveal the existence of microheterogeneous regions in dilute water solutions, which are provided by the hydrophobic interaction between the components. In the studies by Vuks [8] , the structure of liquids was studied by the method of light scattering at the angle θ = 90° .
As is known, light scattering in homogeneous liquids takes place at density fluctuations, and the dimensions of the above regions depend on the radius of action of intermolecular interaction forces (the shortrange correlation radius) and are equal to about 0.5 nm [8] . As the dimensions of density fluctuations in lowmolecular-mass liquids are usually much lower than the light wavelength, the intensity of light scattered from these fluctuations is independent of the scattering angle. The corresponding experimental data are analyzed from the data on light-scattering intensity at the Bol'shoi pr. 31, St. Petersburg, 199004 Russia e-mail: kalinina@imc.macro.ru angle θ = 90° . The angular dependence of light-scattering intensity suggests the formation of scattering structures in liquids, and the dimensions of the above structural units are comparable to the incident light wavelength [9] . To characterize systems in which light-scattering domains are rather large but have diffuse boundaries and can be fluctuations of some property that is uniform throughout the volume of the system, namely, polarizability or density, the statistical approach proposed by Debye seems to be the most advantageous [10] . This approach considers structural characteristics general and universal for all scattering systems, i.e., meansquare polarizability fluctuations and correlation functions, which describe the correlation of polarizability fluctuations in volume units located at distance r . The correlation method is universal and allows one to compare quite different systems: from liquid to solid states. The method for finding the above correlation functions and equations corresponding to each case is the basis for the proposed approach that combines the statistical approach proposed by Debye-Stein [10] and the experimental method of polarized light scattering [11] . The method of static polarized light scattering involves the analysis of angular dependences of intensities of isotropic and anisotropic components of scattered light in terms of statistical theory. Previously [12-14], we used this method for the quantitative characterization of threedimensional supramolecular organization of macroisotropic concentrated and dilute polymer solutions containing a microanisotropic scattering unit volume.
In this study, the method of polarized light scattering and the statistical Debye-Stein theory are applied for studying structural changes in mixed low-molecular-mass liquids with a composition identical to the composition of solutions that are traditionally used for the preparation of nanofilms based on poly(amic acid) prepolymers according to the Langmuir-Blodgett technology. EXPERIMENTAL All solvents were preliminarily purified from dust by vacuum filtration through a no. 11 Schott glass filter and then distilled. Amide solvents were additionally dried over calcium hydride. For our studies, water was treated according to the following procedure: the dustfree distillate was placed in a freezing chamber for 1 day at -6 ° C. Deionized water was prepared according to the procedure used for the preparation of LangmuirBlodgett films. To this end, distilled water was passed through a column with ion-exchange resins: cationexchange resin KY-2-8-4S and anion-exchange resin AO-17-8-4S. The specific resistance of the as-treated water was 14-15 M Ω cm. The refractive indexes of liquids were measured on an IRF-4546 refractometer. IR spectra were recorded in DMAA on an IFS-88 Bruker spectrophotometer at a wavelength ranging from 1600 to 3700 cm -1 .
Light scattering intensity was studied with an FPS-3M photoelectric goniodiffusometer. Vertical R V and horizontal R H polarized components of scattered light were measured at scattering angles varying from 40° to 140° ; the incident light wavelength was λ = 546 nm. Calibration was performed with respect to benzene. For benzene, the Raleigh ratio for nonpolarized incident and scattered light at a given wavelength was assumed to be 16.4 × 10 -6 cm -1 [6] . Quantitative characteristics of structural organization were estimated according to the statistical Debye-Stein theory [10] . Overall intensities R V and R H of light scattering components defined by Raleigh ratios are related to the structural characteristics of a scattering medium through the following relationships:
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Here, K = K 0 n , where n is the refractive index of a medium; K 0 = 2 π / λ ; r is the distance between two elementary scattering volumes; S = sin 2 θ /2; and γ ( r ) is the function of correlation of polarizability fluctuation, and f ( r ) is the function of correlation of mutual orientations of optical axes of unit scattering volumes. As a mathematical model, we used the exponential correlation func-
With the use of polarized light scattering intensities extrapolated to the zero angle and taking into account the asymmetry of light scattering, we calculated the following parameters of the scattering medium: 〈η 2 〉 is the mean-square polarizability fluctuations; 〈δ 2 〉 is the mean-square density of optical anisotropy; and a V and a H are the correlation radii of polarizability and orientation fluctuations, respectively [9] . Parameters of the isotropic structure 〈η 2 〉 and a V characterize the degree of fluctuation heterogeneity of the system and correlation dimensions of the regions with polarizability fluctuations (density fluctuations), respectively; and the parameters of the anisotropic structure 〈δ 2 〉 and a H define the level of ordering and dimensions of oriented regions, respectively.
RESULTS AND DISCUSSION
Water is the most widespread solvent in nature and the most common solvent used. In particular, the process of preparation of Langmuir-Blodgett nanofilms involves the use of deionized water as a carrier [1] .
According to publications devoted to studying the structure of liquid water [6, 15] , water does not exist as free molecules but is known to be an associated liquid. 
